Abstract: Organochlorine Pesticides (OCPs) were analyzed using Gas Chromatography-Mass Spectrometer (Selective Ion Monitoring mode) in the muscle tissues of five fish species such as O. mossambicus, L. parsia, E. suretensis, C. striata and S. wynaadensis from seven locations of River Cauvery and one location in Veeranam Lake. OCPs viz., DDTs, HCHs, CHLs, cyclodienes, heptachlor, HCB and mirex were detected with varying concentrations among species and locations. Mirex which was not reported in the fish tissues elsewhere reported in this study. The study on the risk associated with the consumption of fish species that had higher concentrations of aldrin, dieldrin and mirex showed significant carcinogenic risk to the human beings.
Introduction
Organochlorine pesticides are of great concern due to their occurrence at high concentrations in aquatic ecosystems, despite bans on production and usage 1 . Many of the organochlorine compounds are substances that have high toxicity. They accumulate in organisms and biomagnified through the food chain, so consumption of fish from contaminated areas may be a real health risk for the consumers 2 . Most of these compounds are considered to act as environmental hormones, which disrupt reproductive cycles of wildlife and believed to be possible carcinogens or mutagens 3 . In India, the residues of chlorinated pesticides have been detected in almost all the segments of environment due to their extensive use in the past, which have shown potential to biomagnify/accumulate in animal tissue, human blood, adipose tissue and breast milk.. Considerable research has been carried out in India related to OCPs in the fish Studies [4] [5] [6] [7] [8] . This investigation focuses on analyzing the concentration of chlorinated pesticides viz. HCH isomers, DDTs, heptachlor, aldrin, dieldrin, endrin, mirex, HCB, chlordanes in water, sediment and biota in River Cauvery and Lake Veeranam using Gas Chromatography-Mass Spectrometer (GC-MS) and carcinogenic risk associated with consumption of fish from the polluted site to the local population.
Materials and Methods

Sample Collection
Samples were collected at various locations in River Cauvery and in Veeranam Lake. The sampling in River Cauvery includes seven dams viz., Hogennakkal, Mettur, Jatarpalayam, Mayanur, Mukumbu, Kallanai and Anaikarai and Nathamalai from Veeranam Lake. Fish samples such as Etroplus suratensis (E.s), Oreochromis mossambicus (O.m), Liza parsia (L.p), Channa striatus (C.s) and Silurus wynaadensis (S.w) were obtained directly from the fisherman at sampling sites. All the samples were transported to the laboratory using ice boxes. The fish samples were deep frozen at -18 0 C until analysis, in order to prevent decomposition. The fish samples were dissected out and 2g of muscle tissue was taken for the analysis of organochlorine pesticides.
Extraction of OCPs in biota
Two grams of well homogenized fish muscle tissue was ground with 5 g of activated sodium sulfate until a fine powder was obtained and extracted twice with 50ml of acetone and the extract was filtered into a conical flask. The filtered extract was extracted with 350 ml of deionised water, 15g of NaCl and 40 ml of n-hexane/ethyl acetate (3:2) in a separating funnel. The organic layer was collected and sample was again reextracted with 40 ml of nhexane/ethylacetate (3:2) and organic layer was collected. The combined extract was then passed through anhydrous sodium sulfate, then concentrated to a few ml again and 20ml of n-hexane was added to the extract and condensed to 1 ml in rotary evaporator and then purified using florosil. The packed column was prerinsed with 18 ml of n-hexane. The elution was subsequently carried out using 13ml of n-Hexane. The extract was further condensed to 1ml for GCMS analysis.
Instrumentation & QAQC
The samples were analysed in GCMS (Gas Chromatograph-Mass Spectrophotometer) (QP 2010 Shimadzu Corp, Japan) equipped with capillary column DB-1 (30m long, ID 0.32mm) and 5% methyl phenyl silicone. The limit of detection (LOD) of OCPs was determined three times of the standard deviation of the blank. Before analysis, standards were run to check for the column performance, peak height and resolution. 
Result and Discussion
The mean concentrations of pesticides in five representative species from seven different locations of River Cauvery were represented in Fig-3 . The highest concentration of Total HCH (228 ng/g) was observed in L. parsia from Hogennakal. Also, Mayanur (23.6 ng/g) and Kallanai (33.1 ng/g) showed higher levels of Σ-HCH in L. parsia but in Veeranam Lake the maximum concentration was observed in E. suretensis (3.5 ng/g) ( Table 1 ). The mean concentration of HCHs was found to be 86 ng/g in O.mossambicus in River Cauvery which was much higher than the earlier report 9 in the same species collected from Ciliwung River, Bogor, Indonesia (6 ng/g). The maximum concentration of ΣHCH in O. mossambicus observed in this study was 33.2 ng/g found to be 8 fold greater than the highest concentration (4.2 ng/g) 10 in the muscle tissue of O. niloticus in Lake Burullus, Egyptian Mediterranean Sea. ΣHCH at a concentration of 118 ng/g in E. suretensis in River Cauvery 7 was reported which was higher than the present study (40.85 ng/g). The HCHs in the C. striata (35.2 ng/g) was greater than the murrel C. marulius from the various streams of River Cauvery, India (0.14 ng/g) 8 . Among the isomers of the HCH, α and β -isomers were the most widely detected. The predominance of α and β-isomers of HCH in the fish samples of Meric delta (Turkey) 11 was observed. The wide distribution of α -HCH isomer in the fish samples may be explained as the γ-HCH can be easily degraded by microorganisms in soil and bottom sediments and photochemically isomerized to α-isomer, whereas β-isomer is highly persistent in the environment 12 . 9 and from rivers in India (<0.03 ng/g) 13 were low compared to the average level in the present study (11.4 ng/g) in the same species. But the concentration was considerably lower than the recommended tolerance limit of 200 ng/g proposed by EU MRLs of OC tolerance in food of animal origin expressed on fat weight 14 . Significantly higher concentration of heptachlor (ND-21.8 ng/g) was recorded in the C. striata in the river Cauvery compared to C. punctatus (BDL -0.52 ng/g) collected from river Gomti 8 . The highest concentration of heptachlor was detected in S. wynaadensis at Kallanai.
Among cyclodienes aldrin was detected in almost all species in all locations. Dominance of aldrin over the dieldrin in fish samples was reported 8, 15, 16 . The highest concentration was quantified at Jatarpalayam (128 ng/g) and Mukumbu (87.5 ng/g) in L. parsia. Also in Veeranam Lake aldrin was observed only in L. parsia (Table 1 ). Higher mean concentration of 41 ng/g aldrin in the cat fish collected from some river in the Edo state, Nigeria 17 was reported than the present study in the cat fish S. wynaadensis (33 ng/g). The average levels of aldrin and endrin in the C. striata were 6.66 and 226 ng/g in the river Cauvery 8 , respectively which was higher than the level in C. punctatus (2.2 and 0.14 ng/g) from Gomti river. Significantly higher concentration of dieldrin (57 ng/g) from Veeranam Lake ( Table 1) was observed in C. striata than the dieldrin in C. punctatus (1.12 ng/g) from Gomti river 8 . The respective maximum residual limit for dieldrin/aldrin and endrin proposed by European Union were 200 and 50 ng/g of food of animal origin expressed on fat weight. Except O. mossambicus from Jatarpalayam concentration in fish species from all other locations do not exceeded the MRL of EU (1998). Higher concentrations of aldrin and dieldrin in the sediment pose risks to the sediment dwellers that are preyed on by birds and fish.
Among chlordane the detection frequency of trans-chlordane was higher than the cisChloradane. trans-Chlordane (TC) is generally more susceptible to degradation than cis-Chloradane (CC), a TC/CC ratio >1 may indicate fresh use of chlordane 18 . The highest concentration of Σ-chlordane (13.7 ng/g) was observed in L. parsia at Hogennakal. 0.65 ng/g of chlordane was noticed in O. mossambicus from river Cauvery which was very low compared to the concentration (7.2 ng/g) 9 in the Ciliwung River, Bogor, Indonesia. The European Union MRL for chlordane was 50 ng/g. None of the fish species both from river Cauvery and Veeranam Lake exceeded the limit. Highest concentration of Mirex was detected in S. wynaadensis at three out of seven locations Hogennakal (157 ng/g), Jatarpalayam (190 ng/g) and Mukumbu (67 ng/g) in river Cauvery.
DDT and its metabolites undergo strong biomagnifications along trophic transfer. Metabolism of DDT in fish is generally accomplished through dechlorination to DDE but generally not to DDD 18 . Therefore the presence of DDD in fish tissue can be from direct input as DDD from the environment. Concentrations of DDTs in fish tissues were ranged from ND -1.8, ND -65, ND -4.4, ND -2.24 and ND -2805 ng/g in O. mossambicus, L .parsia, E. suretensis, C. striata and S. wynaadensis respectively. Slightly higher concentration of p,p'-DDT (0.77 ng/g and p,p'-DDE (3.28 ng/g) 7 in E. suratensis whereas in the present study the concentration was 0.02 and 0.69 ng/g respectively in the same species. Elevated levels of p,p'-DDE (31 ng/g), p,p'-DDD (14.6 ng/g) and p,p'-DDT (11.9 ng/g) in the C.striata from Songkhla lake, Thailand 19 was reported than the present study where the mean concentration was found to be 0.8 ng/g of p,p'-DDE, 0.79 ng/g of p,p'-DDD and 11.9 ng/g of p,p'-DDT in the river Cauvery. The concentration of DDTs (1.9 ng/g) in O. mossambicus in the present study was much lower than the earlier reports in the same species 18 ng/g from rivers of South India 13 and in tilapia O. mossambicus (1100 ng/g) from Ciliwung River, Bogor, Indonesia 9 . In the present study the range of p,p'-DDE was ND -8.14 ng/g in the mullet L. parsia which was comparable to p,p'-DDE (ND -3.81 ng/g) in the muscle tissue of mullet L. aurata from Lake Ganzirri and Straits of Messina (Sicily, Italy) 20 . The European Union Maximum Residual Limit of ΣDDT in the animal food is 1000 ng/g. Only S. wynaadensis (2805 ng/g) from Jatarpalayam (Fig-2) of river Cauvery has exceeded the limit. Fig-3 shows the higher concentration of cyclodiene compounds in all the species. S. wynnadensis has exhibited the maximum concentration of three out of seven OCPs viz mirex, DDTs and Heptachlor. Likewise L. parsia also has shown higher concentrations for three OCPs such as HCHs, HCB and chlordane. C. straita has demonstrated greater accumulation of cyclodiene compounds. The result of the present study is similar to the report 20 that indicated the usage of mullet L. aurata as pollution bioindicator. Both in River Cauvery and Veeranam Lake the concentration of cyclodiene compounds were high. 
Carcinogenic risk due to OCPs in fish
Assessment of risk to human health has been carried out worldwide to examine the potential health risk due to exposure to toxic contaminants in various environmental media and foodstuff 21 . Food consumption databases have been established to provide the necessary information for assessing the health risks associated with consumption of contaminated food in countries such as the U.S 22 . An assessment of the cancer risks to human health due to consumption of fish containing organochlorine contaminants was undertaken and the results were given in the Table 2 . To provide more accurate assessment of the risks, it is necessary to establish specific food consumption of the Indian population so that the health risks to the target population can be meaningfully assessed, and the risks can be effectively managed. The average daily consumption of fish in India is 12 g/day 23 . Organochlorine pesticides have been regularly monitored in the food stuff in various countries to evaluate their potential health risk to humans 21, 24 . In the present investigation the carcinogenic risk to human population was made for five fish species contaminated with OCs that has been regularly consumed viz. ), dieldrin (4.2 x 10 -5 ) and DDT (2.8 x 10 -5 ) in S. wynnadensis have shown greater than unity out of one million, the intake of these fish species may cause lifetime cancer risk. The mean concentration of chlordane in fish sample had lesser carcinogenic effect (Table 2) . The risk was also calculated for fish samples from Veeranam Lake. The highest carcinogenic activity of pesticides such as α-HCH (2.27 x 10 -6 ), HCB (3.3 x 10 -6 ), Aldrin (5.78 x 10 -6 ) and Dieldrin (2 x 10 -4 ) was found in L. parsia. Carcinogenic risk of α-HCH (3.2 x 10 -6 ) in mullet from Thailand 26 which was closer to the carcinogenic activity of α-HCH in the mullet, L. parsia in Veeranam Lake of this study. The carcinogenic risk for aldrin and mirex were ranged from 2 x 10 -5 to 1.4 x 10 -4 and 4.2 x 10 -6 to 5.5 x 10 -4 , respectively. This means that there is a strong possibility of 2 to 6 persons in one million of the population may acquire cancer when such a concentration of OCPs are to be consumed at the estimated rate. S. wynnadensis and L. parsia are most the preferred fish by the local population and higher levels of pesticides in these species are serious concern.
Conclusion
Invariably all the species studied has higher concentration of cyclodienes while concentrations of other pesticides varied. The present investigation on the carcinogenic risk assessment of OCPs through the consumption of contaminated fish may pose carcinogenic risk to the local population. Indeed the main reason for OC contamination can be related to the still widely and illegal use of OC pesticides in agriculture in India. Monitoring of pesticides should be performed over a period of time and with a frequency that allows all seasonal events to be taken in to consideration. With sufficient continued monitoring and by adopting the combinations of policies such as restrictions in the usage and alterations in some of the agricultural management practices will bring a solution towards pesticide loading into aquatic systems.
